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Specification 

Title of Invention 

Exhaust Emission Control Syotem for Variable Cylinder S> *rem engines 
Claira{s) 

An exhaust emission control system for a variable cylinder system engine comprised of a variable 
cylinder system control circuit that shuts off the fuel supply (o at least one of the cylinder groups 
comprised of a specified number of cylinders depending on wiginc load; oxygen sensors and three- 
way catalysts that are provided in the exhaust passages of multiple cylinders belonging to the groups 
of multiple cylinders mentioned above to control the air-fuel rario when the engine is operated under 
die partial cylinder mode; and on oxygen sensor and a three-way catalyst which are located in the 
merged section of the exhaust passages do wnsti cam of the exhaust passages mentioned above to control 
\Ufi air-fuel ratio when the engine is operated under the full cylindei mode; a unique feature of which is 
that the system is equipped with a switching device that switches ihe active cylinder group whenever 
rhe engine operating made changes from full cylinder mode to partial cylinder mode. 

Detailed Explanation of the Invention 

This invention concerns the exhaust emission control system uf variable cylinder system engines 
equtpped with a vaiiable cylinder control system that varies dip number of cylinders to which fuel is 
supplied depending on engine load, and an air-fuel ratio control system tor exhaust emission control, 
whereby rhe switching is made between the inactive cylinder yiuup and the active cylinder group 
whenever the engine runs under full cylinder mode; the purpose rif which is to Improve ihe driving 
feeling. 

In general, whenever an engine is operated under a heavily loaded condition, engine ftiel economy 
tends to improve. This is the reason for die use of o variable cylinder system for a multiple cylinder 
engine. When it is operated under a light load condition, the fuel supply to a partial group of its 
cylinders is shut off so that the load for the remaining active cylinder group ran be increased by the 
Inad corresponding to the inactive cylinders. This results in a relative increase in load per cylinder 
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leading to improvement in die overall fuel economy of the engine. 

On the other hand, there is a system known as an engine exhaust emission control means in which a 
three-way catalyst is install ed in the exhaust system, while The oxygen concentration cf (he exhaust *>as 
is detected to achieve feedback control of the an-fuel ratio to become approximately equal to the 
stoichiometric air-fuel ratio, so that the three-way catalyst can perfoim oxidation of HC and CO as 
well as reduction of NOx at the same nine with high efficiency. When rhis particular exhaust emission 
control system is applied m a variable cylinder system engine, especially under a partial cylinder mode 
when a partial group of its cylinders is made inactive, the oxygen concentration in the exhaust g03 
becomes excessively high and different from that in the actual active cylinders supplied with fuel This 
results from air exhausted from ihe inactive cylindtas without combustion, which forces the control to 
decrease the air-facl ratio. 

In oider to circumvent this problem, oxygen sensois and 3-way catalysts are installed separately for 
rhe split exhaust passages, one for the active cylinder group and the other for the inactive cylinder 
group, so that the air-Aiel ratio can be feedback-controlled independendy of each other sroup of cylinders, 
while the feedback control uan be stopped for the inactive cylinder group during the partial cylinder 
mode. 

This system has the problem that the three-way catalyst in the inactive cylinder group is cooled 
during the partial cylinder mode by the exhaust air When this partial cylinder mode is continued ftn a 
long time, the catalyst temperature becomes lower than the activation Temperature needed for catalytic 
reaction, leading to a potential inabdity to achieve (he required reaction efficiency when the engine 
running condition calls for the full cylinder mode. 

In order to address this problem, the inactive cylinder group is alternated with the active cylinder 
group during engine operation, instead of being inactive all the time, in such a manner that the use 
frequency of the three-way eatalyst is made to be. equal between the active *nd inactive cylinder groups. 

this method, however, requires frequent switching between the cylinder groups depending on the 
relationship with respect to the catalyst temperature, requiring switchovers even during the partial 
cylinder im.de resulting in discontinuous combustion relative to ihe ignition cecuence, which leads to 
a potential deteriorating driving feeling (shock generation) during the switchover period. 



In order to address these problems, this invention is designed to improve the driving feeling of a 
variable cylinder system engine by installing oxygen 3ensors and three-way catalysis at the exhaust 
passages of the active cylinder group and in-aciive cylinder group, and installing a three-way catalyst 
and an oxygen sensor in the merged section of the exhaust passage downstream of the exhaust passages 
from the two groups of cylinders mentioned «!x>ve. In this manner, even during the partial cylinder 
mode, the temperature of the three-way catalyst in die merged passage ran be maintained at an acceptable 
degree even during the partial cylinder mode so that the switching between the inactive cylinder group 
and active cylinder group can he made when rhe engine operation is switched from the full cylinder 
mode, during which die driving feelinghos not deteriorated, to the panial cylinder mode. Next, during 
the partial cylinder mode, rhe inactive cylinder group is switched to the active cylinder group In this 

mannei, die system invented herein can provide switching between the active and inactive cylinder 

groups in the multi-cylinder variable cylinder system engine that satisfies both the exhaust emission 

control performance and the smooth driving requirement 
Explained bolow using dwwino are working examples of this invention 
In these working examples, an electronically conuolled 6-cylinder fuel injection engine is used in 

which the number of fuel-supplied cylinders is controlled by the pattern indicated in fig 2. 
In Fig. 1, I 13 the engine, la is the intake passage, lb and Ic are the divided exhaust passages fo. 

cylinders 01 - <M and cylinder 64 - ». respectively, and Id i 3 the merged exhaust passage of these 

two divided pa&agfts. 

located in exhaust passages lb. 1c. and Id are three-way catalysts, 2. 3, and 4. respectively, and 
oxygen sensors, 5, 6, and 7. lespectivclv. The outputs from oxygen sensois 5 ~ 7 arc. as indicated in 
Fig 3. sent to a fuel injection control circuit (EGI circuit, hereafter), II. th rou gh on air-fuel rario 
control circuit. 17. from a .witching circuit, 16, as the air-fuel ratio correction signaL .As explained 
later, the air-fuel ratio of the air-fuel mixture supplied to the engine is feedback controlled to be 
approximately equal to the stoichiometric air-fuel ratio. 

£U circuit 1 1 described above outputs the fuel injection signal simultaneous wtth the engine rpm, 
hnvtng * pulse width corresponding essentially to the intake airflow that » based on outputs from 
engine intake air flow rate sensor 9 and engine speed sensor 1 0. This ou»„t S i mai is correcred by the 



feedback signal, monrioneil above, before it is supplied Jo fuel injection valve 13 for 9 1 - 03 cylinders 
and fuel injection valve 14 for ^4 - 06 cylinders ihroufih the variable cylinder system control circuit 
(VCS circuit, hereaftei). 12. 

VCS circuit 12 mentioned above performs the control function, as indicated in Fig 2. in such a 
manner that it selectively shuts off the Aiei supply to cylinders <M - 63 or to cy linders ij>4 - $6 under a 
light engine load condition, andsuppliec fuel to all cylinders (6 cylinders) under aheavy load condmon. 
The status-quo region (in Fig. 2) represents the hysteresis region for preventing hunting during the 
pmod 'when the cylinder groups arc switched over. 

Based on the signal from the thretfle switch, 8. the full cylinder mode restoration rpm is decreased 
Ernm No to No' during the time the thronle valve is fully closed. 

VCS circuit 1 2 is confirmed as mat shown in Fig 4. In this figure, 25 and 26 pulse width comparators, 
which compare the output of comparison standard voltage seneratoi 27 for a heavy load (P^) and the 
output of comparison standard voltage generator 28 tor a light load (P wx ). with the output of the fuel 
injection pulse signal, P tts If the latter is greater than the respective standard values, VCS circuit 12 
outputs the high level signal. "1." Aflip^lop. 33. permits input of ibe output of comparators to the 
J-tenninal, and input of die output of comparator 26 to the K -terminal through a sign inverter. 29. so 
that the sign of these outputs are changed The number ofcylinders is detennincd based on d<e output 
of flip-flop 33. (n ptiuciple. output Q becomes »1" for the 6-cylinder ugnai when P lv >P hK , and output 
Q becomes " 1 " for the 3 -cylinder signal when P^P,^. 

A comparator. 3 1 . to which the voltage. V,,. corresponding to the engine rpm is input through an F- 
V convener (frequency-vollaga convener), 30. compares the V N will, output V* from the st andard 
voltage generator, 32. If it is found mat V^V* "1" is input to the S-temunal (set terminal) of fop- 
flop 33 so that output Q ,s restored to "1" for the 6-cyhnder operarion irrespective of pulse width P w . 

In addition, me rpm standard voltage oenerwor 32, when the 'fully dosed" signal is input from 
throrde switch 8. switches its generated standard voltage from V,, , 0 V vo ' causing the „,,„ far the 6- 
cylinder restoration to decrease forther. 

Flip-tlop 34 is designed to switch the inactive cylinde. group over to the group consisting of 01 ~ 03 
cylinders or to the gro.,,, consisting of 01 - <p6 cylinders every time the running condition becomes the 
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e-cylinder mode. Evoiy time output Q of flip-flop 11 mentioned above becomes "l,"ouiputs.Q and 
Q are mutually inverted in s\»h a manner that if one becomes " 1 the other becomes "0." By forcing 
ourpirrs Q and Q to be input to the "AND" circuits. 35 and 36. the jjmup of inactive cylinders, for 
which the fuel supply is cut-off. is switched. When the output of Q of flip-flop 33 become* "I," either 
ourpurs Q or Q of flip-flop 34. whichever outptirs rhe signal "l. H opens the gore. This leads to the 
eendiog of" I" tor the 3-cylinder sienai to the normally closed analog switches (normally closed relay). 

37 or 38, ro open the relay contact point 

Analog switch 37 is inserted into the circuit that provides the fuel injection signal to fuel injection 
valve M f or *l ~«j cylinders, while analog switch 33 is inserted imo the circuit that provides die fuel 
injection signal to fuel injection valve 14 for o*~ ij>6 cylinders. 

Consequently, since output 5 of fljp-ttop 33 is "0." during the 6-cylinder operation, both analog 
switches 37 and 38 are in the state in which the relay contact points ar« closed. If, however, the 3- 
cylinder signal " l" is output as output Q. the relay contact point of either one of analog switches 37 or 

38 is turned off. causing the operation of either the q>| - w 3 cylinder g«oup or the $4 ~ q>6 cylinder 
group to become inactive. 

As explained earlier, this switching is achieved only during the 6-cylinder operation because outputs 
Q <md (5 arc inverted to open either one of the gates for the AND circuits 35 or 36 alternately ev«<y 
time flip-flop 34 inputs - | - which is the 6-cylinde. signal for output Q nf nip-flop 33 in the previa, 

step. 

Next, the variable cylinder sy«em conuol signals, a and b. from VCS circuit 12 ore input to a delay 
circuit, 1 5, depicted in Figs 3 and 5. to activate switching circuit 1 6 for rhe outputs of oxygen sensor* 
5-7. 

Here, the normally dosed analog switches {normally closed relays), 39 and 40. and 4 1 and 42. ,„ 
switching circuit ld»«. turned on when variable cylinder signals ".V and 'V become "r {the exception 
being that swiuAes 39 and 42 will be turned on when agnate "a" and "b" become "O," because of the 
presence of sign inverters, 43 and 44.) 

Consequently when the variable cylinder signals "a- and • b" mentioned above are inpm to switching 
circui. 16 through delay circuit 1 1 afte, , ,peeificd time delay, rhe output of oxygen sensor 5 or 7 is 



selected corresponding to these signals before being input to comparator IS in air-fuel rmin con vol 
circuit 17. 

Specifically, since variable cylinder signal "b M is T when cylinders pi - $3 are inactive, analog 
switch 40 is turned off while switch J9 is turned on At the came rim*, since variable cylinder signal 
"a" is ,4 0, M analog switch 41 is turned on and switch 42 is turned off, causing the output (if oxygen 
sensui 5 to be selected to perform feedback control of the air-fuel ratio, which is explained later, for 44 
- ih6 cylinders. 

Similarly when cylinders 04 - $6 are inactive, analog switches 40 and 41 arc turned on to perform 
feedback control of die air-fuel ratio for cylindms 4)1 - <j>3 based on the output from oxygen sensor 6 
fui cylinders 4 1 - $3. During the fall cylinder operation, only analog switch 42 is turned on to perform 
feedhack control for all cylinders based on the output of oxygen sensor 7 located in merged passage 
Id 

The reason a specified time delay is provided for switching the outputs of oxygen sensors 5-7 is to 
take into consideration th« time needed for the combustion %u to reach oxygen serwors 5-7 during 
ihe cylinder switching period. If switching drcuii 16 is activated simultaneously with th* cylinder 
switching, although momentarily, there is a possibility that the oxygen concentration of the exhaust 
gas from the inactive cylinders will be detected. This would lead to creating a potential risk uf causing 
conflision in the feedback control as indicated earlier, the time delay assures that this problem will be 
prevented from occurring. 

Next, air-fuel ratio control circuit 17 U designed to output an air-fuel ratio correction signal rn EG1 
circuit 1 1 mentioned earlier based on the output uf oxygen sensors 5 - 7 so that the feedback cnnuol is 
performed to obtain an air-fuci ratio close to the stoichiometric airvfiiei ratio. 

Number 19 represents a standard voltage generator that outputs the standard voltage corresponding 
to the stoichiometric air-fuel ratio, while number 1 8 is a comparator i hat compares this standard voltage 
with the output of the oxygen sensors mentioned above. Number 20 represents a correction circuit that 
outputs a correction signal based on deviation of the outputs of comparator U and the established 
standard signal. Number 22 represents, as described later, a clamp (phon) circuit to hold the output 
value at a constant value by interrupting the feedback control based on the outputs of monitor circuit 



21 that dete.mines the output condition of the oxygen sensors, and based on the full throttle s.gnal 
ftom full throttle switch 24. or based on the fuel-cut signal during deceleration In addition, monitor 
circuit 21 activates clamp circuit 22 to interrupt the feedback control as mentioned above when the 
temperatures oroxygen sensors 5-7 become too low to generate an appropriate output, or when the 
Stan signal is received from the starter switch, 23. 

With the configuration explained above, when cylinders $1 ~ 03 ore active, air-fuel ratio feedback 
control is performed based on the output of oxygen sensor 6. which permits fuel injection valve 13 ,o 
inject fuel so that an air-ruel mixrure dose to the stoichiometric value can be supplied to cylinders <pl 



- 03. 



Consequently, il,ree-way catalyst 3 can achieve hi«b efficiency oxidatoon of HC and CO as well as 
reduction of NO* at the same time. 

For the other three-way catalyst, 2, during dm period, since the exhaust air from cylinders p4 - *6 is 
flowing into it. there is a possibility thai its temperature might decrease. But, for three-way catalyst 4 
located downstream , mce & of ^ Mmbustfon eAmM m fnm ^ #J _ ^ ^ ^ 

non-combustion exhwst gas from cyltotfc* flowing inuu 

"'"ivelylowerd,™^ 

is shifted to merull cylinder mode, and ev«n when the reaction of three-way catalyst 1 f«, cylinders q4 
■»6 is low, d„ee.waycataJyst4i a mergedpa S ,ageldcan instantly achieve a bigWy efficient reaction. 
Needless to S ay. feedback control of me air-fuel ratio can be achieved at the same time based on the 

output of oxygen sensor 7 located in merged passage I d. 
Moreover, sin,* cylinder group switching is performed for every O-cylindcr operation, when it is 

becomes waive while the group consisting of cylinders «l - <p3 becomes moctive. 

Since cylinder roup switcWngisperfonnedmmismanner.e.cept^vhentb^ 
lasts tor a very long time, mere is ahuoa, no possibility rha, ,l, e temperatures of upstream three-way 
catalysts 2 or 3 will decrease significantly. 

Mo.eover. durin s the full cylinder opemtion. the purification (reaction) of harmful components in 
«.* exhaust gas takes place no, „„ly m downstream three-way catalyst 4, but also i„ upstream three- 



MrcMlymZaodi Tin, acmally result, m A ^ed decree in the load on thre^way catalyst 4. 
wbich permits decreasing the capacity of nWway catalyst 4. 
Next, the irking exaniplc 5n<mi ^ ^ fi § ^ ^ ^ ^ ^ ^ 

by tnpumng variable cylinder siflnal V » standard volrage geiieratof „ in such a Ilianner ^ ^ 
torset .MM ratio for feedback conrrul during the J-cylituW operahon i. Sll gh,ly lower than the 
stoichiometric aix-fud ratio. 

to addition, rhe working example shown i„ Fig. 7 i 3 a system u, which upstream oxygen aenaors 5 
«d 6 ore eumin,,,*d. air-f„el rodo feedback control * interrupted daring the 3-cylinder operahon, 
end the specified air-fuel rflao * 6ft „ a vaIlIB ^ „ ^ ^ ^ ^ ^ 

rano. In order u> achieve th is control, the feedback control is in*, rupted and it is swi,d,ed to a rich 
tur-fuel rano when variablo cylinder control signal "a" is input to a clamp crcuit. 22". 

to ail of these viking examples, the air fuel rano » set siighdy lower than the stoirfurimetric 
value to achieve NOx reduchon efficiency of the upatream three^ catalysts 2 and 3 as htoh as 

suffice* amount of oxygen at three-way caulyst 4 ,n the merged r «s^ wh,ch leach ,„ f lirther 
improvement of exhaust emission control efficiency. 

As explained ,hove. acconhng to mis invention, it ts no longer necessary to switch the cylinder 
groups during paoiaj finder operation, wbich tends to worsen ,1. driving feelhtfi. result,^ in 

°'* e *--^vstpl.«dto^^^^^ 

of the exhaus, characteristics mat tend to occur when the engine operahon ,s switched froro the 
pamal cylinder mode to the full cylinder mode. 

Brief Explanation of Drawings 

«» I to - . Pproxiraate plan ^ ^ ^ ^ ^ ^ ^ ^ ^ 

Pauem. P,g. 3 is 0 hlock diagram of d, e variable cylinder syate,,, for working example No I, wluto 
Frg. « a biock diagram of h, liable cyltnder system ci.cuit Fig. 5 ,s , block diagram of the 



of this invention. 

I. . . Engine Body 

lb and !c. . , Exhaust Passage 
Id. . . Merged Exhaust Passive 
2, 3, and 4. . , Urea-Way Catalysts 
5 , 6, and 7. . . Oxygen Sensors 

II. . . Fuel Injccnon Control Circuit 
12... VCS Circuit 

15. , . D*lay Circuit 

16. . . Swiichins Circuit 

17... Air-Fuel Ratio Control Circuit 

Patem Applicant: Nissan Motor Company, Ltd 
Ageru Patent Attorney; Masayoahi Goto 
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